Abstract: Studies on critical natural resources have grown in number over the last decade out of concern for resource availability and its potential impacts. Nonetheless, only a handful of studies explicitly define criticality for natural resources. Through a systematic literature review, we identified four main perspectives in the descriptions of critical natural resources: (1) economic importance is overemphasized at the expense of sociocultural and ecosystem support functions of natural resources; (2) a Western perspective dominates the research discourse; (3) apart from the field of economics, the debate lacks input from social sciences; and (4), non-renewable resources are overrepresented compared to renewables. Based on the current discourse and its apparent inclinations, we propose a new definition of criticality for natural resources aligned with risk theory. We argue for the need to balance out the perspectives described above to provide decision-makers with impartial information for the sustainable management of natural resources.
Introduction
Natural resources are found all around us in the natural environment. However, they are only identified as such when value is attributed to them by humans [1] . The adjective "critical" has been added to natural resources increasingly often, both in scientific publications and grey literature. This comes alongside growing awareness of global trends, such as population growth, increased consumption, and pollution. Nonetheless, most often what "critical" entails is not explained and the attributive has been used interchangeably with other adjectives, such as "strategic" or "scarce", which causes confusion over its meaning [2] . Moreover, concepts such as "critical natural capital", "keystone resources", and "critical raw materials" have emerged in different scientific fields [3] [4] [5] . They all address the notion that some resources are more critical than others and that, consequently, the management of those resources requires guidance. To the extent of our knowledge, there has not been any systematic exploration of what authors mean exactly with these concepts and where their understanding is the same and where it diverges.
Criticality assessment methodologies are the main way of evaluating and communicating the criticality of natural resources. They are used as systematic screening tools to identify resources of concern. Thereby, the assessments inform and guide policy making, research and development, as well as product design [6, 7] . Governmental organizations and policymakers have been actively involved in
Results and Discussion

Natural Resources and Their Classification
Before being able to explore the criticality of natural resources, it is necessary to form an understanding of the term. Broad inclusion and exclusion criteria of the search method were set to both include documents defining and categorizing natural resources as well as documents concerning their criticality. Figure 1 presents the codes concerning definitions of natural resources in the reviewed documents, gathered from 38 of the 105 reviewed documents. They could be split up into three main themes. One related definitions of natural resources to the physical environment. For example, they focused on biophysical processes of nature or the finiteness of stocks. A larger group of codes described natural resources as a dynamic concept, or even a social construct, dependent on its value in relation to human needs and wants. This view, namely, that "resources become" instead of that "resources are", was already elaborately described in an industrious volume by E. W. Zimmermann in 1951 [14] . A more recent example of this view was given by Cutter and Renwick [15] , who argued that environmental cognition, "the mental process of making sense out of the environment that surrounds us", lies at the base of natural resources: "A resource does not exist without someone to use it. Resources are by their very nature human-centered. Different individuals or groups value resources differently". The largest group of codes described the intersection between these two views of natural resources, acknowledging both its provision by the natural environment and its value in relation to human activities. Andersen [1] , for example, states that "natural resources exist independently of humans but are only identified as resources, and thus ascribed value, in relation to human activities".
There were 29 other codes related to defining natural resources which did not fit into the value driven and/or physical environment themes. Several of them describe the concept of natural capital, coined by ecological economists, as an addition to human capital and manufactured capital. It comprises natural resources and "the ecosystems that support and maintain the quality of land, air and water, and biodiversity" [16] . Another group of leftover codes pointed to the distinction in definitions between reserves and resources, exclusively for minerals, based on classification by the United States Geological Survey (USGS). Respectively, they represent "a mineral deposit that is currently economic (reserves) and another which may become economic in the future (resources)" [17] . The economic (and technological) feasibility indicates again, however indirectly, a human-value driven definition. The five text fragments in the middle of the diagram could be considered as the most comprehensive ones. They explain natural resources from a combined environmental and value-driven approach, while also adding an extra aspect. Le Billon [18] , for example, stated that definitions of natural resources are often disputed due to contesting ideas of ownership over them. Dewulf et al. [19] (p. 5312) introduced the aspect that natural resources "may have a three-dimensional (volume) or a two-dimensional nature (surface)". Terrestrial and aquatic surfaces, according to them, are for example available for harvesting, production, or infrastructure. The other three documents in the middle of the diagram are [20] [21] [22] .
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What constitutes natural resources and how they are classified is very closely related. Most often, they are classified according to their rate of regeneration: renewable and non-renewable resources. Renewable resources are defined as resources that regenerate on a human timescale (e.g., water, fish, and forests). Non-renewable resources do not regenerate over human timescales, for example, minerals. This simple subdivision is considered misleading, or even harmful by some scholars, as it leads to the belief that renewable resources will always stay available for human exploitation, regardless of their management [15] . Therefore, renewable resources can be further subdivided into unconditionally renewable resources, such as solar power, and conditionally renewable resources, such as wildlife. The unsustainable management of conditionally renewable resources can exhaust their regenerative capacity and make them non-renewable. Various terms are used to indicate these three subsequent classes of natural resources, which are presented in Table 1 . From this simple table, an inconsistency in terminology is apparent between Cutter and Renwick [15] and Dewulf et al. [19] . While the former applies the term "flow resources" to conditionally renewable resources, the latter applies the same term for unconditionally renewable resources. To avoid confusion, we follow the terminology and classification of natural resources by Jowsey [25] in the rest of the paper. 
Overview of the Reviewed Publications on Criticality
An overview of the timing and location of the publications, which includes codes on the criticality of natural resources, is presented in Figure 2 , as well as the subcodes/topics discussed in them. Their number amounts to 75 out of the total of 105 documents within the review. The first publication in this review dates from 1984 and focused on strategic minerals [3] . In the 1980s and 1990s, the topic was only sporadically present, and criticality was mainly related to strategy and defence. Although less dominant in the more recent literature, this continued to be a regularly discussed aspect of criticality. In the late 1990s and mid-2000s, a branch of publications focusing on critical natural capital appeared where environmental concerns were introduced into the criticality debate. From 2008 onwards, the topic started to gain more attention and grew notably up to a peak in 2015. It kept a strong presence in the literature until May 2017, when the gathering of publications for this review started. Since this new wave of interest, economic aspects of criticality have been introduced and have received most of the attention, next to technological, political, physical availability, strategic, and environmental aspects.
According to our interpretation, environmental concerns become present in the literature after the publication of the Brundtland Report [28] and the Rio Earth Summit in 1992 that both focused on sustainable development. The Kyoto Protocol was first published in 1998 [29] and the United Nations Millenium Decleration came out in 2000, which stressed the importance of sustainable development and protecting our common environment [30] . This suggests that these events, and increased global environmental awareness more generally, might have impacted the criticality discourse. Furthermore, the economic crisis of 2008 is likely linked to the increase in publications discussing the criticality concept more intensively. The European Commission report from 2010 on critical raw material [5] can also have further put the issue on the agenda, which links with the EU's action plan for the Circular Economy [31] . Since then, more weight has been placed on economic as well as technological concerns Based on the location of the first author, 60% of the 75 publications were published by residents of the United Kingdom, Germany, or the United States. Additionally, publications from the Netherlands, Italy, and Canada together accounted for another 21%. The remaining publications were all produced in Western countries with the exception of two from Asia (i.e., [33, 34] These findings might indicate that natural resource criticality is a primarily Western concept. However, the search was performed in English which excludes publications in other languages. In the gathered publications, Korean, Japanese, and Russian reports were mentioned among others [35, 36] . Additionally, there were no signs of standpoints in the criticality discussion from the global south. This plausible over-representation of Western perspectives could influence the understanding of criticality of natural resources since other parts of the world are not considered to the same extent.
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Analysing the first author's affiliation shows that 59% of the publications were developed at universities, 17% at governmental research institutes and agencies, 17% at independent research institutes, and 4% at private companies ( Figure 2 ). This indicates that various layers of society consider the topic to be important. The range of academic journals and other publishing media that covered studies on the criticality of natural resources was also diverse. Journals concerning resources (e.g., Resources Policy) and industrial production (e.g., Journal of Cleaner Production) accounted each for 15% of the reviewed literature. Resource journals were used as publishing media from the start, while the topic only started to appear, although frequently, in industrial production journals after 2014. Reports, often by governmental or independent research institutions, encompass 9% of the reviewed materials from 2008 onwards. Technology journals contain 7% of publications from 2011 on. Articles in the Journal of Ecological Economics represent 17% of publications which were mainly published in the 1990s and 2000s. One reason for this high percentage was the CRITINC research project about critical natural capital that ended in 2003 with a special issue on the topic in the Journal of Ecological Economics [37] . Many of the identified journals grouped above are interdisciplinary. What stood out from this review of publication platforms was that, except for a couple of economics related publications, there were few publications originating from the social sciences.
Definitions of Criticality
According to a number of scholars, the adjectives "critical", "strategic", and "scarce" have not been differentiated clearly from each other and, therefore, have been used interchangeably [2, 38, 39] . The historical conceptualisation and use of the concept "strategic" for natural resources is described by Haglund [3] . In brief, the concept was coined shortly after World War I, when shortages of certain natural resources revealed the need for industrial capacity and input to win wars. From the 1930s onwards, the concept "critical" was introduced, initially, as a separate category but later aggregated into one concept "strategic and critical materials", which was still in use in the 1980s [3] . Currently, the terms "critical" and "strategic" are used separately where "critical" refers to threats to national economies, while "strategic" relates almost exclusively to military and defence needs [5, 39, 40] .
Despite being a highly debated topic, many of the reviewed publications point out the fact that there is currently no universally agreed upon standard definition of criticality concerning natural resources (e.g., [2, 41] ). The variation in terminology is attributed to the multiple applications of the concept in diverse contexts, such as time or spatial scales [42, 43] . Some authors prefer not to have a common definition so that "criticality is a relative concept and the relevant dimensions can (and should) be defined by the user according to his/her particular needs" [44] (p. 728). Some of the publications in this review did present a definition of criticality in relation to natural resources, shown in the Table 2 below. Essential to human health, or 3.
Essential to the efficient functioning of life support systems, or 4.
Irreplaceable or unsubstitutable for all practical purposes (e.g., because of antiquity, complexity, specialisation, location)
[49] 1994
Critical elements of the capital stock should be: 1. Essential to human health, but should also reflect the need for ecosystem health; 2.
Essential to the efficient functioning of life support systems; 3.
Irreplaceable or unsubstitutable for all practical purposes 4.
In addition, irreversibility of environmental processes or stock changes has implications for intergenerational equity [4] The criticality of ecosystem services depends on (i) the essential role of these services for human existence and well-being, (ii) the non-substitutability of the services with regard to their unique contribution to human well-being, and (iii) the risk of the services becoming irreversibly extinct if the natural capital that provides them is degraded beyond critical thresholds. [58] 2015 23 Criticality of a raw material A measure of the (economic) risk arising from its utilisation (incl. production, use, and end-of-life) for a specific consumer over a certain period [59] 2017
The definitions found in the literature (Table 2) can be compared with the general definition of the term critical by Oxford English Dictionary Online [60] describing the terms' use and understanding in the everyday language: "Of the nature of, or constituting, a crisis: (a) Of decisive importance in relation to the issue. spec. [. . . ], (b) Involving suspense or grave fear as to the issue; attended with uncertainty or risk". Many of the definitions in Table 2 describe criticality with respect to natural capital and raw materials or metals. Only two definitions, by Roelich et al. [55] and Helbig et al. [57] , take a general stand or refer to resources explicitly. Further, many of the definitions seem to be derived from assessments of criticality and its specific methods, which has been noted before by Graedel and Nassar [54] .
The various definitions we identified included keywords such as: risk (or threat, emergency), importance (supplemented by vital, essential), and, less commonly, unsubstitutable or irreplaceable. According to Frenzel et al. [59] , many authors are not aware of the "true meaning of risk" and its fundamental links to criticality, leading to conceptual and methodological issues in research on critical natural resources. Correspondingly, de Groot et al. [50] argue that threat related to a resource should be discussed alongside the importance of a resource in the conceptualisation of critical natural resources. Concerning the importance of natural resources, de Groot et al. [50] claim that certain functions of natural resources are important "to the maintenance of the natural capital itself (especially the regulation and habitat functions)", while other functions of natural resources are "of direct benefit to human society" [50] (p. 190). Mancini et al. [44] developed a prioritization scheme of needs that resources fulfil, namely, the relative importance of their functions, adapted from the psychologist Maslow's pyramid of human needs (Figure 3 ). Unsubstitutable resources can be found at the base of the pyramid, described by Armstrong as "indispensable supports for the most basic functionings, and [. . . ] vital supports for anyone's life" [22] (p. 15). Examples have been provided by [17] , who are researchers mainly focused on minerals and metals. They [17] single out nitrogen, phosphate, and potash as the only minerals essential to life itself and, thus, unsubstitutable. They argue that all other minerals are substitutable because "it is the need or desire for the products that generates a demand for minerals, rather than demand for the mineral itself. As a result, there is always the possibility of finding an alternative material to provide the required functionality" [17] (p. 1). Next to minerals, [50] also give renewable resources, like clean air or fertile soils, as examples of unsubstitutable resources belonging in the base of the pyramid. Accordingly, they add to [17] that, although many functions of natural resources can be replaced by human inventions, it might be undesirable because it "is often technically difficult and usually imperfect, it is often socially undesirable and economically not very sensible" [50] (p. 197).
Several other aspects important to the definition of criticality for natural resources were brought up by our review. According to [50] , inherent to the "importance" part of criticality is the question: important for whom? In general, most literature provides the answer that it is critical or important to (a certain part of) human society. In addition to that, some authors mention nonanthropocentric perspectives that consider parts of the natural environment as resources or even critical resources to other species than humans [23, 50] . Within the dominant anthropocentric perspective, the criticality concept is guided by different interest groups such as, critical to: global human society (or humanity) [61] , a region [35] , a country [62] , a corporation [63] , an economic or industrial sector [64] , or a specific product or technology [65] . This is one of the reasons why definitions and criticality assessments are considered context dependent by many authors, as mentioned earlier. A second aspect raised in some of the reviewed documents was the need to interpret the criticality of natural resources as dynamic, as it is not an inherent property of a resource [1, 54] . Rather, the "state of being critical" [33] will evolve over time, for example, due to technological innovations, geopolitical changes, or climate change. Lastly, some articles discuss the importance of assessing the criticality of a certain natural resource relative to other ones (or to other interest groups or through time), as opposed to selecting an arbitrary threshold to divide critical and noncritical resources, e.g., [66] .
Aspects of Criticality
As introduced in Figure 2 , the concept of criticality contains different aspects captured by the subcodes. There were 773 in total, with the majority of the codes (22%) related to economic aspects of criticality. Technical aspects were second in line (15% of codes), physical availability as well as environmental aspects each accounted for 11%, political aspects of criticality were covered by 10% of the codes, and strategic aspects by 6%. Finally, sociohuman aspects and holistic approaches to criticality accounted for the rest (4% of the codes).
Thus, economic criticality concerns were most frequently discussed. Two of the main topics under economic aspects were risks of supply disruption and the ensuing economic consequences. The latter was also referred to as economic importance or vulnerability. Economic characteristics of natural resources mentioned as part of one or both of these topics included, for example: current and A second aspect raised in some of the reviewed documents was the need to interpret the criticality of natural resources as dynamic, as it is not an inherent property of a resource [1, 54] . Rather, the "state of being critical" [33] will evolve over time, for example, due to technological innovations, geopolitical changes, or climate change. Lastly, some articles discuss the importance of assessing the criticality of a certain natural resource relative to other ones (or to other interest groups or through time), as opposed to selecting an arbitrary threshold to divide critical and noncritical resources, e.g., [66] .
Thus, economic criticality concerns were most frequently discussed. Two of the main topics under economic aspects were risks of supply disruption and the ensuing economic consequences. The latter was also referred to as economic importance or vulnerability. Economic characteristics of natural resources mentioned as part of one or both of these topics included, for example: current and future supply and demand trends [7, 40, 63] , price increases and volatility [39] , competing demands [64] , sensitivity of the relevant value chains [67] , and consumption level [36] . Frenzel et al. [59] (p. 2), state that "most criticality assessments focus exclusively on economic aspects in their practical implementation". We would argue that this economic inclination is at the expense of other values and functions of the natural resources at risk. An underlying assumption seems to be that as long as economic interests are ensured, societal well-being will also be achieved.
Regarding technological aspects of criticality, continuous technological development changes the demand for natural resources, for example, emerging clean energy technologies which require rare earth metals and new bio-based materials that need algae [42, 68] . A frequently mentioned aspect of these technological demand dynamics is the availability and performance of substitutes (e.g., [7] ). Yet, as mentioned earlier, [17, 22, 50] (Figure 3) . Furthermore, technological development can enhance the efficiency of natural resource use and, thereby, reduce their criticality, for example, increased agricultural yield or extraction potential [69] . Recycling is a major topic related to this, complemented by the possibilities of reduction, reuse, and recovery [33] . The literature on this aspect was oriented towards non-renewables in industry. Yet, this argument could also apply to renewable resources. We recognise that technology, with its influence on both demand and supply, is closely interconnected with economic aspects. In general, innovation is seen as important to reduce the criticality of resources.
Physical availability or scarcity of natural resources is mentioned often in the criticality debate (11%). For non-renewable resources, its reserves are often compared to annual consumption or production rates, resulting in its remaining lifetime or depletion time. In general, many authors claim that the extent of natural resource stocks is less important to criticality than accessibility, which is rather defined by geopolitical and socioeconomic conditions [70] [71] [72] . This is partly due to uncertainties in reserve estimates and because criticality is often analysed on a shorter timescale than the depletion time of the resources being considered [5, 55, 73] . However, [74] showed that decreasing ore grades globally have required increasing amounts of energy for extraction. This trend is generally expected to continue with the discovery of new reserves [75] . Still, there is uncertainty about projected resource availability and the energy needed for extraction because of imprecise or lacking data and technological advances in prospecting, mining, recycling, and energy efficiency [75] .
When considering renewable energy resources, innovation and transformation to a renewable energy system requires many non-renewable, mined resources [76] . Hence, the physical availability of renewable and non-renewable resource stocks is closely linked. The importance of physical availability has mainly been debated in relation to non-renewable and energy resources. However, when considering conditionally renewable resources, the necessity to maintain a certain level of resource stock for it to be able to renew itself and provide life and ecosystem support functions is emphasized [4] . We argue that more emphasis should be placed on the biophysical reality of renewable and non-renewable stocks for criticality considerations as compared to the economic concerns over stocks, such as yearly production rates.
When considering environmental aspects of criticality, the main topics discussed are the environmental side-effects of natural resource extraction and production on human health, ecosystems and their biodiversity, or the climate [77] . Some argue that good environmental standards and regulations in the resource's country of origin could lower the risk for supply disruption and, consequently, lower the criticality of the resource [5, 65, 72] . However, [78] (p. 587), interpreted the European Commission's [5] report differently. They believe the resource's criticality will increase with "stricter environmental regulation in an exporting country impairing imports of a resource type". Most authors refer to environmental impacts and regulations without exactly stating how they might impact the criticality of the resource. Lastly, some publications also mention that the degradation of conditionally renewable resources can cause them to become critical, namely, when the ecological carrying capacity is exceeded and the resources lose their ability to renew themselves or perform their regulatory functions [44, 78] .
Another clear theme within natural resource criticality is political concerns. The largest concern is the low quality of governance or political instability in the supplying countries, in combination with the high geographical concentrations of resources in those countries [71] . Schillebeeckx [79] calls this situation "politically scarce", where higher possibilities for political or social unrest might disrupt the supply of the resource. Bedder [6] is one of the few who mention corporate concentration as well as country concentration that can increase criticality due to oligopolistic market imbalances. Consequently, net import reliance and trade relationships can significantly impact the criticality of a resource: export restrictions and quotas in supplying countries increase the criticality, while trade agreements lower criticality for importing countries [7, 8] . This way of comprehending export quota and trade agreements indicates to us that the concept of criticality is mainly used by and applied to importing, industrialized, Western countries. Export quota would protect the exporting country from losing access to its own critical natural resources and are thus only considered negative for countries that rely heavily on imports.
Further, [50] consider criticality evaluations a "political process" and others agree that the criticality of natural resources is influenced by the "prevailing political vision", as the concept is largely used in governmental and consulting reports with the purpose of informing decision-making [33, 36, 80] . Our review (Figure 2) shows that the discussion is now more balanced by numerous scientific publications critiquing and contributing to the concept. Nonetheless, we can argue that the main interest is still political and that information is gathered to inform decision-making. Additionally, we would argue that the dominance of the initial defence aspects and the current economic inclination around the concept are an artefact of its political roots.
Strategic concerns of critical natural resources are closely related to political aspects and power over resources. Currently, "strategy" is not a dominant aspect of the criticality discourse (Figure 2 ). Most authors, almost exclusively, relate "strategic" to military and defence needs, as part of an overall criticality concept [5, 39, 40] . Now, strategic concerns are also attributed to another interest group than governments: namely, businesses [43] . The term "strategic", as well as "critical", has gone through a substantial expansion and transition over time. Haglund [3] explains that this is common for political concepts due to changing societal conditions and contested interpretations of the concept and, thus, does not consider it useful to define it. Despite the tendency of political concepts to change their meaning over time, we suggest authors clearly define what they mean by the term "critical natural resources". Without proper definitions and conceptualisations in a majority of the reviewed publications, it is difficult to compare the use of the concept, even more so due to its multidisciplinary character. Only through discussions and debate of these multidisciplinary concepts can we deepen our understanding of the problems we are trying to comprehend and continue to build up (and upon) scientific knowledge from a collaboratively created body of literature [11] .
The final two identified aspects of criticality are infrequently mentioned: sociohuman aspects and a holistic or integrated view. Regarding sociohuman aspects, some publications make a link between criticality and inadequate social conditions during extraction of resources and related regulations, such as human rights violations, resource conflicts, illicit trade, and precarious working conditions [44] . We discovered an inconsistency and ambiguity in the literature on whether regulations to protect employees, local inhabitants, and the environment from negative impacts of extraction processes increase or decrease the criticality of that resource (e.g., [8] vs. [81] ). The inclusion of social and environmental regulation into evaluations of criticality shows an interest in broadening the debate from purely economic interests towards including social and environmental concerns.
Furthermore, only a handful of publications mention the sociocultural value of natural resources (e.g., [21] ). The publications acknowledge that resources have important economic, life-support, and ecological functions. However, they do not recognise their immaterial sociocultural functions, such as physical and mental health, education, identity (heritage value), freedom, and spiritual values, that increase the general well-being of human society [21] .
Despite the dominant economic and geopolitical interpretations of resource criticality, the above overview and several of the publications in the review demonstrate that criticality is determined by an interaction of many factors. They include economic, technological, physical availability, environmental, political, strategic, and social aspects of the concept [4, 44, 50, 57, 80] . Therefore, some authors plea for a more challenging, interdisciplinary approach to explore sustainable options for natural resource use, acknowledging and comprehending the dynamic interplay between all these aspects [21, 44, 82] . Nevertheless, [2] warn for the paradox of comprehensiveness versus accuracy. We do not agree with claims made by, for example, [3, 81] , that a broad aggregate concept of criticality would make it practically useless or inaccurate. Risks are everywhere. Only accounting for certain aspects of risks to natural resources while leaving other aspects behind is a distortion of the information that serves as a basis upon which natural resource policies are built. A clear specification is needed of which functions of a natural resource are threatened and in what way (e.g., economic, sociocultural or life, and ecosystem support functions). Mancini et al.'s [44] ranking of importance between the different functions of natural resources (Figure 3 ) is useful for that purpose.
Thus, overall, we found a dominance of the economic aspect of criticality. Furthermore, we identified an under-representation of the importance of physical availability, uncertainty on how to incorporate environmental and social impacts, as well as a dominant Western perspective. The political roots and goals of the concept steered its conceptualisations towards defence and, later, economic aspects. We suggest that there is a need for a holistic, integrated concept of criticality for natural resources, open to different value orientations regarding natural resources to balance the uncovered perspectives. Possible methodological limits in reaching these findings are discussed in Section 3.5 before reaching our conclusions.
Criticality Assessments
It is not our goal to give a full review of natural resource criticality assessment methodologies, especially considering the number of existing reviews of the topic (e.g., [59] ). However, an extensive analysis of the criticality discourse cannot be done without touching upon them, since they are the main way of application and communication of the concept.
The Tools of Criticality Assessments
Several types of tools exist for quantifying and communicating natural resource criticality. They most often include detailed time series and scenario analyses per natural resource or hierarchical risk ranking based on indicator selection and aggregation [62] . The criticality matrix is most often applied, locating various resources as dots between two dimensions or axes of basic risk theory: (1) the probability of a disruption in the resource supply, often termed "supply risk" and (2) the impact caused by such a constraint, termed "vulnerability" [72, 83] . The overall risk is the product of these two dimensions, creating hyperbolic contours of constant criticality within the plot [40] . However, these axes are often modified to the extent of losing the connection with risk theory, for example, by changing the terminology and indicators of the axes or by adding or omitting an axis [50, 57, 59] . Thus, when selecting indicators for a criticality matrix, attention and strictness are required to avoid using vague or ambiguous terminology of the axes.
Furthermore, the more methodologically oriented publications in the review showed that criticality assessments need to be directed towards a specific interest group [66] and timescale [81] . They should also be relative to other contexts, such as other resources, spatial, or timescales [66, 84] . Additionally, periodic re-evaluations are required when a static tool is used to assess the dynamic and evolving state of resources [67, 82] . It is important to highlight that these considerations are exactly the same ones as mentioned before as important parts of the definition of criticality for natural resources.
A Predominance of Non-Renewable Resources in Criticality Assessments
The scope of natural resources considered in criticality assessments is mainly limited to minerals or, even more narrowly, to metals [5, 36, 67, 77, 85] . According to [36] (p. 7620), "supply risks of fossil fuels and their impacts on economies have been examined for decades, only in recent years have studies appeared that evaluate the criticality of a broad set of nonfuel minerals". Also, in Table 2 , 9 of the 24 criticality definitions relate specifically to materials (i.e., minerals and metals). Graedel and Reck [66] (p. 696), contend that it is desirable for evaluations to be "broad in terms of elements addressed". A plausible explanation is that the language used to describe shortages in renewable resources has been expanding to other concepts than solely criticality. Many conditionally renewable resources can become scarce or critical if their management is unsustainable. Therefore, concepts linking to sustainability thinking-such as sustainable yield, used in [86] , sustainable natural resource management, used in [87] , and resource governance, used in [88, 89] -could add to the debate on criticality of renewable resources without being captured in our systematic literature review.
We would argue that there are possibilities to broaden the scope of natural resources discussed in criticality debates and assessments by explicitly including renewable resources. This has been shown in assessments by Chapman et al. [35] of natural rubber, pulpwood, and soft sawnwood for the European Commission's report [73] and by Sonderegger et al. [90] of water. Additionally, de Groot et al. [50] developed a framework to assess the criticality of renewable resources, although no applications of it were found. Generally, these approaches correspond to the more common criticality matrices for minerals based on risk theory, with the modification or addition of some indicators. The four abovementioned research documents show that a holistic approach to criticality evaluations of natural resources is possible and that it is not necessary to separate renewables and non-renewables or to do so in their terminology: natural capital and materials, such as minerals and metals, as in Table 2 .
Moreover, we argue for the need to widen the scope of natural resources included in criticality assessments. Renewable resources perform the main functions necessary for basic life and ecosystem support, located at the base of Mancini et al.'s [44] resource prioritization pyramid for human needs (Figure 3) . Klinglmair et al. [78] (p. 586) agree that "impacts on the carrying capacity of ecosystems and their intrinsic capability of renewal may lead to impact on human needs and life greater than shortage in, e.g., mineral resources". The relative level of criticality can only be established per resource and compared among them when a criticality analysis incorporates a wide array of natural resources. Most of the pyramid's basic functions (Figure 3) are not valued within economic markets. Consequently, even if renewable natural resources are incorporated into the mainstream criticality assessments, the natural resources most critical to humanity will probably be overlooked as current analyses are mainly based on economic arguments and indicators.
Overall, we need to be aware that criticality assessments have communicative power and can be highly influential when it comes to decision-making, even when the assessment is executed without a rigorous conceptual and theoretical foundation. In order to design policies that ensure sustainable management of natural resources, balanced information is needed. Therefore, we propose that criticality assessments should include two things: first, a wide range of natural resources, including renewables resources along with the traditional non-renewables; second, an evaluation of resource importance based on human needs (e.g., with Mancini et al.'s [44] resource prioritization pyramid (Figure 3) ). That includes sociocultural values and life and ecosystem support functions in addition to the standard economic arguments and indicators. If these two conditions are met, we expect other resources, such as clean water, clean air, forests, fertile soil, etc., to have a much higher criticality level relative to certain metals and rare earth minerals that are now commonly considered critical. Consequently, these resources might gain more attention in policy circles.
We consider it appropriate to define a concept before applying it in assessments and methodologies. In the literature we reviewed, only a handful of publications did so, despite the widespread use of resource criticality assessments ( Table 2) . As a consequence, many of the existing definitions are derived from the assessment methods, instead of the other way around. We argue that a holistic definition of criticality for natural resources, aligned with risk theory, might reduce inconsistencies and increase comparability among assessment methods. This could provide a common basis for balanced information to decision-makers while opening up to various value orientations for natural resources.
Proposal for a Holistic Definition
As mentioned in the beginning of this paper, definitions of critical natural resources were presented within academic disciplines that only engaged in cooperation or debate to a limited extent, for example, the clear division between definitions of critical materials and critical natural capital (Table 2) . Nonetheless, the information gathered on a definition of "critical" for natural resources indicates common ideas of the concept: both an aspect of uncertainty or threat, as well as importance. These keywords relate directly to the two dimensions of risk according to standard risk theory and analyses [83] . Although this might be an artefact of creating definitions based on the tools used for criticality assessments, risk theory brings fundamental understanding to the concept of criticality. Therefore, we see it fitting to align our definition with risk theory. Simultaneously, risk analyses frameworks provide a foundation for criticality assessments.
We propose the following, generally applicable, definition of criticality for natural resources, which is an adaptation of the Oxford Dictionary [60] definition:
Criticality is a relative and dynamic state of a natural resource:
(a) of decisive importance, ranked according to a hierarchy of human needs, in relation to the issue or interest group specified, and (b) attended with uncertainty or a threat.
We argue that this definition is aligned with risk theory [83] because of its two components: importance of the function of this resource, linked to the severity of outcomes of specified objectives, and threat or uncertainty. Moreover, the definition accounts for a specific interest group, timescale, and the dynamic and relative character of criticality, all previously mentioned as important for definitions and assessments of criticality. By relative, we mean a resource cannot be critical in itself, but that additional perspectives need to be addressed. For example, a resource should be relative to itself through time or to other resources at the same time. Local perspectives can be compared to the global scale. Criticality could also be relative from one place to another or from the perspective of one population group to another. This definition allows for and encourages a holistic understanding of natural resource criticality. Firstly, by allowing for the perspectives, values, and assessments from any kind of interest group (i.e., also global, local, and non-Western perspectives). Secondly, it can be applied to renewable as well as non-renewable resources, preferably to both at the same time (i.e., within a wide array of natural resources). Lastly, we propose that the resource's importance should be explicitly ranked according to a hierarchy of human needs (e.g., Mancini et al.'s [44] resource prioritization (Figure 3) ). Thereby, we suggest that the criticality of a resource increases when moving down the pyramid to basic human needs. Another less instrumental way of establishing a hierarchy of resource needs could be based on relational value frameworks, as advocated by Castleden [18] . Both allow to lessen the dominance of economic interests over other sociocultural and life-support values of natural resources. That way, the proposed definition of criticality could ensure more balanced information in criticality assessments and policy recommendations. We invite those who are interested to comment, contest, and develop our proposed definition.
Before summarizing our conclusions, we would like to point the reader to some of the recent literature within and outside of our review that does approach critical natural resources from the more neglected perspectives. Criticality of renewables have been assessed for water [90] and soils [91] . Moreover, this latter reference provides a more global perspective by teaming up authors from Kenya, the United States, Ghana, the United Kingdom, Argentina, Italy, Germany, and Denmark. Chiesura and de Groot [21] introduced critical sociocultural functions of renewable resources. Even though political science, psychology, sociology, ethics, and other social sciences are more and more present in natural resource research, we have not encountered any thorough social science scholarship that engages with concepts of resource criticality.
Lastly, there are some limitations in our methodology and analysis which carry forward into the presented understanding of the concept of "critical natural resources". First, the systematic literature search was limited to English documents. This could partly explain the lack of non-Western publication, for example, from Africa, Asia, and Latin America. Hamel [92] states that 75% of international scientific periodical literature in social sciences and 90% in natural sciences is published in English. Consequently, we can assume to have captured the international scientific literature while probably missing out on non-English national scientific journals, books, and reports. Another disadvantage of our search strategy is that grey literature, such as books and reports, are more difficult to systematically discover because they are not gathered in large publicly available databases like scientific journal articles are. This means that in our data, scientific perspectives probably prevail over practitioners' knowledge. Further, in our search string (see Appendix A), we accounted for the terms "resource", "material", and "natural capital" in relation to criticality. There are more terms describing natural resources that we did not include, such as "environmental assets" and "ecosystem services". From our preparatory literature research, these terms did not occur frequently in combination with criticality. Additionally, they are explicitly part of definitions of natural capital [93] . Likewise, we assumed other terms for "natural resources" were largely covered by the included terms.
Conclusions
The discourse around critical natural resources ascribes certain resources to be more critical than others and provides management guidance for them. By doing so, the discourse has a large influence on decision-making regarding natural resources. Diverging understandings of criticality for natural resources consequently lead to different policy outputs. Therefore, we set out to analyse the main understandings and underlying assumptions captured in the criticality debate on natural resources. By systematically mapping out the discourse, we did not come upon one generally accepted definition of the concept. Aspects commonly brought up as contributing to resource criticality were: economic, technological, physical availability, environmental, political, and, to a minor extent, sociohuman and holistic perspectives.
We identified several trends in the interpretation and use of the concept. First and foremost, economic concerns dominate the discourse on natural resource criticality at the expense of other values and functions, especially since the economic crisis of 2008. We argue for the need to balance out resource criticality considerations with more emphasis on the biophysical reality of natural resource stocks. Especially for those that provide nonsubstitutable life and ecosystem support functions. Sociocultural values of natural resources to human well-being should also be given more attention.
Secondly, published material about the topic comes mainly out of Western countries and, throughout our reading, we did not come across a standpoint on the topic from the Global South. Third, there is a clear distinction between the two main scientific branches that describe criticality, that is, ecologically versus industrially oriented disciplines. Moreover, social sciences, except for economics, are largely missing from the debate. Lastly, the majority of criticality studies solely focus on non-renewable resources, such as minerals and metals, without considering renewable resources. This could be the result of renewable resources and their criticality being discussed with different terminology not captured within this study. We, however, advocate for taking renewable resources further into account when discussing criticality and have questioned the usefulness of a distinct non/renewable split in the discourse. In sum, we addressed the need to broaden the scope of the criticality discourse to include more perspectives, scientific disciplines, and types of natural resources.
Based on this review, we developed a holistic definition of criticality for natural resources. We argue that the expansion of the criticality concept does not make it redundant. Rather, a holistic approach is necessary to provide decision-makers with neutral and balanced information and recommendations on natural resource management.
Further research possibilities include an analysis of non-English documents on the topic to address the main methodological limitation of this review. Secondly, it would be interesting to investigate how the development of the criticality concept for natural resources links to developments in sustainability thinking. Specifically, the hypothesis came up that there is a broader language to describe crisis situations for renewables than for non-renewables, which could have led to the over-representation of non-renewables in criticality assessments compared to renewables. Lastly, a streamlined methodology for criticality assessments could be developed based on the proposed definition of criticality for natural resources. 
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